Recently a new class of semiconductors has emerged, whose fundamental properties are dramatically modified through the substitution of a relatively small fraction of host atoms with an element of very different electronegativity, the so called highly mismatched alloys (HMAs). III-V and II-VI alloys in which group V and VI anions are replaced with the isovalent N [1] and O [2] , respectively are the well known examples of the HMAs. For example, GaN x As 1-x exhibits a strong reduction of the band gap by 180 meV when only 1% of the As atoms is replaced by N [1] .
The unusual properties of HMAs are well explained by the recently developed band anticrossing (BAC) model [3] [4] [5] . The model has also predicted several new effects that were later confirmed by experiments [6] [7] [8] . According to this model the electronic structure of the HMAs is determined by the interaction between localized states associated with N or O atoms and the extended states of the host semiconductor matrix.
As a result the conduction band splits into two subbands with distinctly non-parabolic dispersion relations [3] .
In most instances, e.g. N in GaAs or O in CdTe, the localized states are located within the conduction band and the anticrossing interaction results in the formation of a relatively wide lower subband [5] . The subband is shifted to lower energies leading to a reduction of the energy band gap. The BAC model predicts that a narrow band can be formed only if the localized states occur well below the conduction band edge. Such a case is realized in ZnTe, MnTe and Zn 1-y Mn y Te alloys where the O level is located roughly 0.2 eV below the conduction band edge.
We have shown recently that pulsed laser melting (PLM) followed by rapid thermal annealing (RTA) is well suited for the synthesis of HMAs. The combined ion beam and laser processing approach has been demonstrated as an effective approach to synthesize dilute semiconductor alloys including GaN x As 1-x [9, 10] and Ga 1-x Mn x As [11] .
Large enhancement by a factor of five in the incorporation of N in N + -implanted GaAs was observed. This is attributed to the rapid recrystallization rate associated with this process which results in the incorporation of impurity atoms to a level well above the solubility limit [12, 13] .
Here we report the design and synthesis of a new type of material, the highly mismatched Zn 1-y Mn y O x Te 1-x that has a narrow band of extended states within a semiconductor band gap. This material satisfies the criteria for a multi-band semiconductor and could be used to test the theoretical predictions of enhanced solar cell efficiency. The design of our material is based on the band anticrossing (BAC) model of highly mismatched semiconductor alloys (HMAs).
We used O ion implantation followed by pulsed laser melting to synthesize Zn 1-y with a FWHM pulse duration ~38ns [10] . After passing through a multi-prism homogenizer, the fluence at the sample ranged between 0.020 and 0.3 J/cm 2 . Some of the samples underwent RTA after the PLM at temperatures between 300 and 700°C for 10 seconds in flowing N 2 .
The band gap of the films was measured at room temperature using photomodulated reflectance (PR). Radiation from a 300 Watt halogen tungsten lamp dispersed by a 0.5 m monochromator was focused on the samples as a probe beam. A chopped HeCd laser beam (λ=442 or 325 nm) provided the photomodulation. PR signals were detected by a Si photodiode using a phase-sensitive lock-in amplification system.
The values of the band gap and the line width were determined by fitting the PR spectra to the Aspnes third-derivative functional form [14] . The observed optical transitions shown in Fig. 1 are fully consistent with the predictions of the BAC model for the ZnMnOTe alloys. Although both the E -and E + transitions have been observed for III-N-V HMAs [3] , only the E -transition has been reported in II-VI HMAs [2, 4] . The transitions at around 2.6 eV shown in Fig. 1 are the first observation of the E + subband in II-VI HMAs.
The BAC model suggests that the two level interaction leads to the upward shift of the upper state and the downward shift of the lower state by exactly the same energy equal to
, where E a and E b are the original energy levels (in this case E M and E O ), and C LM is the matrix element describing the coupling between localized states and the extended states [3] [4] [5] . PL studies in ZnTe have shown that at doping concentrations, oxygen forms a localized level in the gap with an energy E O =2.0 eV above the VB edge [15] . 
